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12,379 patients. Twenty-eight baseline characteristics were well-matched between the combined (n = 4,773) and general anesthesia groups (n = 7,606). Mean patient age was 66 yr. Relative to general anesthesia alone, combined anesthesia was not associated with a reduced risk for the composite outcome [104/4,773 (2.2%) vs 162/7,606 (2.1%); odds ratio (OR) 0.97; 95% confidence interval (CI) 0.75 to 1.24] or for any of the four component outcomes when examined separately: acute kidney injury (OR 0.93; 95% CI 0.58 to 1.51), stroke (OR 0.79; 95% CI 0.36 to 1.73), myocardial infarction (OR 1.04; 95% CI 0.69 to 1.57), and all-cause mortality (OR 0.91; 95% CI 0.59 to 1.42). Conclusion The addition of spinal or epidural anesthesia to general anesthesia was not associated with a reduced risk of major medical complications among 21 different elective procedures when compared with general anesthesia alone. Conclusion L'ajout de la rachianesthésie ou de l'anesthésie péridurale à l'anesthésie générale n'a pas été associé à une diminution du risque de complications médicales majeures pour 21 procédures chirurgicales électives différentes par rapport à l'anesthésie générale administrée seule.
Résumé
Neuraxial anesthesia (epidural and spinal anesthesia) is widely used for major surgery in combination with general anesthesia. It has shown advantages over general anesthesia alone, including better postoperative pain control, fewer postoperative respiratory difficulties, and faster return of regular gastrointestinal function. [1] [2] [3] [4] [5] [6] Furthermore, use of epidural anesthesia in combination with general anesthesia or on its own may slightly improve survival in patients having major surgery. 7 Nevertheless, the impact of combining neuraxial anesthesia with general anesthesia on mortality and other adverse postoperative medical complications, including acute kidney injury and myocardial infarction, remains uncertain. Uncertainty remains in part because previous studies did not differentiate between neuraxial anesthesia alone vs the combination of neuraxial and general anesthesia. 5, [8] [9] [10] Contrary to other research findings, a post hoc analysis of patients at high risk for cardiovascular complications in the POISE trial showed that patients who received neuraxial blockade were actually at greater risk for cardiovascular complications.
area further and to determine if the use of neuraxial anesthesia combined with general anesthesia (combined anesthesia) is associated with lower rates of acute kidney injury, myocardial infarction, stroke, and mortality compared with general anesthesia alone. Specifically, we tested the primary hypothesis that patients receiving combined anesthesia would have lower risk of a composite outcome, including acute kidney injury, myocardial infarction, stroke, or mortality compared with patients receiving only general anesthesia. We also tested the secondary hypotheses that risk of pneumonia would be reduced and hospital length of stay post-surgery would be shorter for patients who received combined anesthesia than for those who received general anesthesia alone.
Methods

Setting and study design
Residents of Ontario, Canada (2012 population: 13,505,900) have universal access to hospital care and physician services, and these encounters are recorded in large population-based healthcare databases which are linked using unique encoded identifiers and held at the Institute for Clinical Evaluative Sciences (ICES; www. ices.on.ca). Using these data sources, we conducted a propensity-matched population-based historical cohort study at the ICES Western site in London, Ontario, Canada. This study was approved by the Sunnybrook Health Ontario who are 65 yr of age or older. The ODB database records prescription characteristics, including the drug identification number, the number of days supplied, and the date the prescription was filled. We used this database to ascertain drug prescriptions for a subset of our cohort aged 65 yr and older.
Exposure categorization
We identified elective daytime procedures performed from June 1, 2004 to December 31, 2011 that were amenable to the use of either neuraxial anesthesia combined with general anesthesia or general anesthesia alone. In a preliminary assessment, we carefully reviewed 960 different major surgical procedures and identified 21 where combined anesthesia and general anesthesia were each used in at least 100 cases. These 21 procedures were categorized into five main procedure types: 1) aorta and peripheral vascular disease, 2) bladder, 3) bowel, 4) lung, and 5) other gastrointestinal (described in Table 1 ). We excluded procedures with the following patient characteristics: non-Ontario residents, age younger than 40 yr, end-stage renal disease prior to surgery (as the assessment of acute kidney injury after surgery is no longer relevant), and an anesthesia type other than combined neuraxial and general anesthesia or general anesthesia alone. For patients with multiple eligible procedures during the study period, we randomly chose one procedure for study inclusion.
We used the intervention anesthesia technique variable from inpatient hospital records to define our exposure groups. Patients receiving procedures using combined anesthesia (spinal or epidural combined with general) were compared with patients receiving procedures using general anesthesia alone. We then confirmed the use of neuraxial anesthesia using fee-for-service codes for epidural and spinal anesthesia that are billed for physician reimbursement in Ontario and further excluded any procedures where these codes did not align with the hospital anesthesia technique variable. We also conducted post hoc analyses, which showed that more than half of the participants in the combined anesthesia group had received a physician billing code for postoperative pain management (Appendix A).
Outcome measures
We assessed the risk of the following four medical outcomes together as a composite (primary outcome) and individually: acute kidney injury, stroke, myocardial infarction, and all-cause mortality (secondary outcomes). Acute kidney injury, stroke, and myocardial infarction were identified through validated hospital diagnostic codes (including any codes during hospital readmission) in the 30 days following the surgery. 15, 16 All-cause mortality was identified through the RPDB. We identified our composite outcome a priori. Our primary outcome met the three criteria of a valid composite outcome: 1) outcomes are of similar importance to patients; 2) all endpoints occur with similar frequency; and 3) endpoints are likely to have similar risk reductions. 17 As a preliminary analysis, we examined consistency of the anesthesia effect across the four individual component outcomes using a test for heterogeneity and determined that it was appropriate to create a composite outcome. 18 As additional post hoc analyses, we looked at outcomes of hospitalization with pneumonia in the 30 days post-surgery and length of stay for the index surgery. We also compared the distributions of length of stay for each procedure type between patients who received combined vs general anesthesia. The coding definitions for our study outcomes and reported validity are presented in Appendix B.
Subgroup analyses
We conducted two post hoc subgroup analyses to assess the following hypotheses: 1) patients who are at high cardiovascular risk or currently have cardiovascular disease will be more likely to experience the composite outcome if they received combined anesthesia vs general anesthesia, and 2) the effect of anesthesia type on our composite outcome decreases over time. For the first post hoc subgroup analysis, we defined high cardiovascular risk as patients who experienced at least one of the following comorbidities at baseline: 1) stroke, 2) coronary artery disease, 3) congestive heart failure, 4) hypertension, or 5) diabetes. This is based on risk factors described by the American Heart Association. 19 For the second analysis, we separated our study into two time periods 
Statistical analysis
We performed all statistical analyses using SAS Ò 9.2 (SAS Institute Incorporated, Cary, NC, USA, 2008). For baseline characteristics, means and standard deviations were calculated for continuous variables and frequencies and proportions were calculated for binary and categorical variables. Baseline characteristics for participants in the general anesthesia group are shown without and with weighting. This weighting technique was used to account for the variable 1:1 and 1:2 matches (described below). Patient characteristics were compared between the combined and general anesthesia groups using the standardized difference, a measure used to describe differences between group means relative to the pooled standard deviation and indicates a meaningful difference if it is greater than 10%. 20 We used a propensity score matched design to balance the distribution of potential confounding variables between our two groups. 21 Propensity scores were derived in a logistic regression model (predicting receipt of combined 
1,488
Abdominal aorta bypass using synthetic material; bypass terminating at lower limb vessels (e.g., iliac, femoral, popliteal, tibial).
1,461
Arteries of leg bypass not elsewhere classified using autograft (e.g., saphenous vein); bypass terminating in lower limb artery (e.g., femoropopliteal). 
2,055
Partial large intestine excision using endoscopic (laparoscopic, laparoscopic-assisted, hand-assisted) approach; enterocolostomy anastomosis technique.
2,631
Small intestine bypass with exteriorization using open approach; end enterostomy (e.g., terminal, end, or loop ileostomy).
3,525
Partial large intestine excision using endoscopic (laparoscopic, laparoscopic-assisted, hand-assisted) approach; colocolostomy anastomosis technique.
2,070
Partial 
2 was also included in the propensity score if a baseline serum creatinine value was available through laboratory data that we previously linked to the administrative data sources (participants without available data were matched to each other).
Each combined anesthesia procedure was matched to one or two general anesthesia procedures (i.e., variable matches of 1:1 and 1:2 based on the number of available matches). We matched on procedure codes where the standardized differences between exposure groups were greater than 20% prior to matching. This included large intestine excision, total lung excision, and abdominal aorta bypass. We also matched on age (± two years), sex, procedure date (± six months), chronic kidney disease, coronary artery disease, eGFR value (± 10 mLÁmin -1 per 1.73 m 2 ; if laboratory data were available), and propensity score (± 0.2 9 standard deviation of the logit).
We performed conditional logistic regression analyses for our composite outcome, four separate secondary outcomes, the additional outcome of pneumonia, and the post hoc subgroup analyses. We reported odds ratios and calculated associated 95% confidence intervals (CIs). Based on the low incidence of the outcomes, the odds ratios approximate risk ratios and can be interpreted as such. For our additional outcome of length of stay, we assessed differences between groups using a Wilcoxon signed-rank test accounting for the matched design and non-normal distribution of the data. 22 We used a Wilcoxon-Mann-Whitney test to compare the distributions of length of stay for patients who received combined anesthesia vs general anesthesia for each procedure type.
Results
There were 99,520 procedures that met our inclusion criteria (see Figure for participant The patient baseline characteristics were very similar between the two anesthesia groups ( Table 2 ). The average patient age was 66 yr, and approximately 46.0% of the patients were female. The majority of the included study procedures were bowel (35.0%) or other gastrointestinal (43.7%). The patient cohort had relatively high rates of hypertension (59.3%) and diabetes (23.6%). Over half of the cohort was over 65 yr of age and had available data on medication use. Of these patients, 46.2% were prescribed an angiotensin converting enzyme inhibitor or angiotensin receptor blocker, and 41.6% were prescribed a statin in the 120 days prior to the surgery.
The outcomes are presented in Table 3 . Relative to general anesthesia alone, combined anesthesia was not associated with a lower risk of the primary composite outcome [104/4,773 (2.2%) vs 162/7,606 (2.1%); odds ratio (OR) 0.97; 95% CI 0.75 to 1.24] or any of the four secondary outcomes when examined separately: acute kidney injury (OR 0.93; 95% CI 0.58 to 1.51); stroke (OR 0.79; 95% CI 0.36 to 1.73); myocardial infarction (OR 1.04; 95% CI 0.69 to 1.57); and all-cause mortality (OR 0.91; 95% CI 0.59 to 1.42). The odds ratio was homogeneous (P = 0.88) in all four components of the composite outcome. There was no significant difference between combined and general anesthesia groups for the additional outcome of pneumonia (OR 1.28; 95% CI 0.90 to 1.83); however, there was a significant difference for the outcome of length of stay between combined and general anesthesia groups (median seven days; interquartile range, IQR [5] [6] [7] [8] vs median six days; IQR [5] [6] [7] [8] , respectively; P = 0.001). We also present the length of stay distributions for each procedure type comparing combined anesthesia with general anesthesia (Appendix C). We found significantly longer hospital length of stay based on the distribution of combined anesthesia vs general anesthesia for the following seven procedures: radical bladder excision with creation of a continent urinary reservoir and a permanent cutaneous stoma, radical bladder excision using the open approach, reattachment of the large intestine using the open approach of colostomy, partial large intestine excision using the endoscopic approach, small intestine bypass with exteriorization using the open approach, abdominal cavity release using the open approach with a device not elsewhere classified, and partial liver excision using the open approach. For our post hoc subgroup analyses, we did not find any significant differences between anesthesia type and our primary composite outcome when stratified by cardiovascular risk or time period (Appendices D and E).
Discussion
Overall, in our population-based study of over 12,000 patients, we did not observe any associations between combined anesthesia vs general anesthesia alone and newonset acute kidney injury, myocardial infarction, stroke, all-cause mortality, or pneumonia. Duration of hospitalization was statistically significant, with longer length of stay among individuals with combined anesthesia. We further investigated this association by presenting the distributions of length of stay for each procedure type and found a greater length of stay with combined anesthesia for seven of the 21 procedures, which are likely driving this difference. Nevertheless, these findings should be further investigated in future studies, since this analysis was completed post hoc and did not account for confounding or multiple testing.
There have been conflicting results regarding the benefits of neuraxial anesthesia. Bignami et al. performed a meta-analysis of 33 small randomized clinical trials to compare patient outcomes from surgery involving thoracic epidural anesthesia (whether used alone or in combination; total 1,105 patients) vs general anesthesia alone (total 1,231 patients). Their findings showed that the use of thoracic epidural anesthesia resulted in a lower risk of acute kidney injury and a composite outcome of myocardial infarction and mortality. 9 Another meta-analysis of almost 10,000 patients across 141 trials showed a non-significant reduction in both stroke and myocardial infarction with neuraxial anesthesia (used in combination with general anesthesia or alone) compared with general anesthesia alone. 5 Finally, a large post hoc analysis of patients at high risk for cardiovascular complications in the POISE trial found that patients who received neuraxial blockade (whether used alone or in combination) compared with general anesthesia alone were actually at greater risk for cardiovascular complications. 10 It thus remains unclear if neuraxial anesthesia is beneficial when combined with general anesthesia or only when used alone. We restricted our analysis to neuraxial anesthesia combined with general anesthesia rather than isolated neuraxial anesthesia, which may partly explain why we did not find a reduction in the development of major medical outcomes. Furthermore, our results may differ from those observed in the analysis of the POISE participants, since the patients in our study were fairly healthy compared with the POISE patients who were at risk for cardiovascular complications. 10 Although, in a post hoc analysis of our data concerning a subgroup of patients with cardiovascular risk factors (or with previous cardiovascular events), we did not find any significant differences between anesthesia type and our primary outcome (Appendix D).
A large population-based study conducted in Ontario, Canada by Wijeysundera et al. found a small 30-day survival benefit among patients who received epidural anesthesia for non-cardiac procedures, as defined by a The odds ratio is \ 1.00 even though the combined group had a slightly higher proportion of composite events than the general (referent group). This occurred because of the weighting technique used to account for variable matching ratios à For length of stay, this is the P value from a Wilcoxon signed-rank test Anesthesia type and elective surgery outcomes 363 physician billing for an epidural catheter (i.e., could include epidural anesthesia used alone or in combination with other anesthesia types) compared with procedures without epidural anesthesia. The authors concluded that their study does not provide evidence that epidural anesthesia should be used to improve patient survival, but that it is safe to use for other potential benefits. 7 Our study did not show a reduced risk of mortality with neuraxial anesthesia used in combination with general anesthesia. The overall mortality rate for our study was only 0.5% compared with almost 2% in the study by Wijeysundera et al. 7 This difference in mortality may be due to differences in the procedures that were selected for study inclusion.
In the past, studies have shown that epidural anesthesia reduced the risk of morbidity or mortality for high-risk operations; however, more recent studies, including randomized controlled trials, have not been able to reproduce such compelling results. 23 A meta-analysis by Pöpping et al. showed that the relative benefit of epidural anesthesia to prevent respiratory complications has decreased over the last three decades due to the reduced risk among patients who receive general anesthsia. 4 This may be due to safer surgical practices that may negate any benefits that epidural anesthesia can provide, including shorter-acting general anesthetic drugs, improved monitoring, and lessinvasive surgeries. 24 In a post hoc subgroup analysis, we looked at the association between anesthesia type and our primary outcome across two different time periods (2004-2007 and 2008-2011) and did not find a significant difference. This is likely because we were looking across a period of only seven years. Large studies may still not have enough statistical power to detect modest improvements in mortality and morbidity with different types of anesthesia should they in truth exist. These considerations may partly explain the lack of association in our study.
Strengths and limitations
Previous studies performed to assess the potential benefits of using neuraxial anesthesia have generally been small clinical trials or cohort studies that focused on only one procedure (e.g., coronary artery bypass graft surgery) or procedures performed at only one hospital. Meta-analyses have been carried out in an attempt to summarize the effect of neuraxial anesthesia on major medical outcomes; however, they have failed to differentiate between neuraxial anesthesia used in combination with general anesthesia and isolated neuraxial anesthesia. It is possible that a sufficiently powered randomized clinical trial will never be conducted on this topic because of the excessive sample size that would be needed to show a modest risk reduction. Our large population-based observational study included all major elective surgeries across 108 Ontario hospitals that were eligible for both general anesthesia combined with neuraxial anesthesia and general anesthesia alone. By expanding our research focus outside of a single-centre or single procedure, we provide results that summarize the overall effect of the addition of neuraxial anesthesia to general anesthesia for major elective surgeries in Ontario. These results are generalizable to other regions with healthcare systems similar to those in Ontario. Furthermore, by limiting our study to only surgeries amenable to either anesthesia type and by utilizing propensity-scores to match on patient factors, we have attempted to reduce potential indication bias. Finally, we compared surgeries using neuraxial anesthesia combined with general anesthesia with surgeries using general anesthesia alone to isolate the effect of the combined anesthesia, which is not apparent in past metaanalyses on this topic.
Relevant to all observational studies, there may have been some residual confounding due to unmeasured and unknown confounders that could have influenced the type of anesthesia used, e.g., the type of catheter used when the neuraxial anesthesia was initiated and the duration of the blockade. Residual confounding may also partly explain our observation of longer duration of hospitalization for patients who received combined anesthesia.
Using our data sources, it is difficult to determine if the neuraxial anesthesia was used during the surgery or in the postoperative period for the management of pain. We conducted post hoc analyses which showed that more than half of the participants in the combined anesthesia group had received a physician billing code for postoperative pain management (Appendix A). Therefore, at least half of all participants in the combined group received epidural or spinal anesthesia for postoperative pain control, but it is not known whether they also received neuraxial anesthesia throughout the duration of the surgery. In practice, it is common for the catheter to be inserted prior to the surgery but not used until the post-surgical period to deliver neuraxial anesthesia for pain management. Furthermore, there are benefits to using neuraxial anesthesia during both the perioperative and postoperative periods. 2, 6, 25, 26 There may have been some misclassification between anesthesia types in our study, but this is likely minimal since we confirmed the anesthesia type defined through the hospital records with the fee-for-service physician codes for epidural catheter insertion and excluded individuals who had a code that did not match with the anesthesia type variable. Another limitation is that we could not separate the use of epidural anesthesia from spinal anesthesia in this study; however, both epidural and spinal anesthesia should demonstrate a signal in the same direction, so this would not explain our lack of associations. For example, in the meta-analysis by Rodgers et al., there were no significant differences in mortality comparing spinal and epidural anesthesia. 5 Overall, we found that the addition of spinal or epidural anesthesia to general anesthesia is not associated with a different risk of major medical surgical complications after 21 different elective surgeries when compared with general anesthesia alone.
